INTRODUCTION {#sec1-1}
============

Prostate cancer (PCa) is the second-most frequently diagnosed malignancy in male globally.[@ref1] Although its incidence in China is much lower than in Western countries,[@ref2] it ranks the fastest growing malignancy in incidence in recent years[@ref3][@ref4] due to changing lifestyle and raising health awareness. Despite the emerging biomarkers, prostatic-specific antigen (PSA) and its derivatives remain the most widely used and clinical practical test for PCa detection. Percent free PSA (%fPSA) has been demonstrated to improve positive rate at prostate biopsy and reduce unnecessary biopsies for men with a serum PSA level of 4.0--10.0 ng ml^−1^ in population with patients from Caucasian and African origin.[@ref5][@ref6]

According to European Association of Urology and American Urology Association guidelines, and United States Food and Drug Administration recommendations, the indication for %fPSA remains for men with a PSA of 4.0--10.0 ng ml^−1^. Although evidence exists that it may be useful in PSA range of 2.6--4.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ in Western population, studies identified %fPSA would have its greatest value in men with a serum PSA of 2.0--10.0 ng ml^−1^.[@ref7][@ref8][@ref9] Moreover, reports indicated the positive rate of total PSA above 10 to 20 ng ml^−1^ to be as high as 50% to 80% in Western population.[@ref10] Thus, the need for other diagnostic parameters in this PSA ranges is less urgent in men with a PSA level of 10.1--20.0 ng ml^−1^.

Interestingly, the detection rate of patients with the same PSA level is much lower in East Asian countries.[@ref11][@ref12]%fPSA has the potential to be used as a diagnostic parameter in this PSA range. In this study, we attempt to examine the effectiveness of %fPSA in PSA range of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ in a multi-center Chinese cohort and identify the statistical optimal PSA range for %fPSA.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Patients {#sec3-1}

The study was approved by the Institutional Review Board of each participating hospital. This retrospective study consisted of consecutive patients who underwent initial transrectal ultrasound-guided (TRUS-guided) and transperineal prostate biopsies with serum PSA 4.0--20.0 ng ml^−1^. A search covering the time period from January 1, 2010 to December 31, 2013 was performed in the databases of 22 participating hospitals. Inclusion criteria were: patients visiting out-patient Department of Urology for health checkup and urinary symptoms; the indication for biopsy was abnormal digital rectal examination (DRE) results or/and PSA level \>4.0 ng ml^−1^. Exclusion criteria were: urinary tract infections, urinary retention, recent instrumentation or catheterization of the urethra, and finasteride or hormonal treatment.

### Prostatic-specific antigen measurement and biopsy techniques {#sec3-2}

Peripheral blood samples were obtained prior to DRE and prostate biopsies. Three types of PSA/fPSA electro-chemiluminescence immunoassays were used in participating hospitals (Abbott AxSYM, Beckman Coulter Access and Roche Elecsys 2010) with recalibrated to the World Health Organization standards (PSA-WHO 96/670) using appropriate correction factors. The three dimensions of the prostate were measured by TRUS. Prostate volume (PV) was calculated with D1 × D2 × D3 × (π/6).

### Statistical analysis {#sec3-3}

Kruskal--Wallis test was used for accessing the detection rate of PCa in different %fPSA ranges. Mann--Whitney U-test was used for comparison of %fPSA and other clinical parameters. Univariate logistic regression analysis was used to access the correlation between clinical parameters and biopsy result. Variables with *P* \< 0.1 were included in multivariate analysis. Multivariate logistic regression models were used to predict PCa risk using stepwise strategy with 0.05 as inclusion criteria and 0.1 as exclusion criteria. We combined PSA and %fPSA using logistic regression to estimate the effectiveness of the combination of these two parameters (%fPSA + PSA). Receivers operating characteristic (ROC) curves were calculated for PSA and %fPSA, respectively, plotting sensitivity versus 1-specificity in predicting any PCa and high-grade PCa (HGPCa, Gleason score ≥7). Areas under the ROC curves (AUC) were used to measure the diagnostic accuracy of PSA, %fPSA, and PSA + %fPSA. The statistical difference of AUC was calculated by *Z* test. The probability of biopsy-detected PCa at a given %fPSA level was predicted by performing locally weighted scatterplot smoothing.[@ref13] All the analyses were conducted using Stata 13.0 (Stata Corp., College Station, TX, USA) and MedCalc v. 10.4.7.0 (MedCalc Software bvba, Mariakerke, Belgium).

RESULT {#sec1-3}
======

 {#sec2-2}

### Patients and clinical characteristic {#sec3-4}

A total of 5915 cases from 22 hospitals across China were enrolled in this study. Detection rates of patients with a PSA of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ were 25.3% and 36.5%. Basic information of these patients is illustrated in **[Table 1](#T1){ref-type="table"}**. The rate of positive DRE was 13.3% in the cohorts, but it ranges from 8.9% to 31.0% in different hospitals. Considered the subjective nature, we decided not to take the DRE result in the predicting model.

###### 

Clinical variable in PCa and non-PCa subjects in two PSA ranges

![](AJA-17-1017-g001)

### Diagnostic performance of percent free prostatic-specific antigen in men in all age ranges with a prostatic-specific antigen of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ {#sec3-5}

Prostate cancer detection rates were significant lower in patients with lower %fPSA in both PSA range of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ (**Supplementary Table 1** and **Supplementary Figure 1**). Scatter plot depicting serum PSA levels, %fPSA and corresponding biopsy result is provided in **Supplementary Figure 2**. Locally weighted scatterplot scatter plots illustrating %fPSA level and the predicted probability of PCa at each %fPSA level is illustrated in **Supplementary Figure 1**. The discriminative power of %fPSA was stronger in men with a PSA level of 10.1--20.0 ng ml^−1^ than 4--10.0 ng ml^−1^. ROC curve analysis indicated that %fPSA outperform total PSA in predicting any PCa in PSA range of 10.1--20.0 ng ml^−1^ (0.614 *vs* 0.586, *P* \< 0.0001) but not in 4.0--10.0 ng ml^−1^ (0.554 *vs* 0.534, *P* = 0.205) (**[Figure 1](#F1){ref-type="fig"}**). The AUC of %fPSA was higher than PSA in predicting HGPCa in patients with PSA of 10.1--20.0 ng ml^−1^ (0.561 *vs* 0.529, *P* = 0.10) but not in 4.0--10.0 ng ml^−1^ (0.623 *vs* 0.555, *P* = 0.0001) (**[Figure 2](#F2){ref-type="fig"}**).

###### 

Prostate cancer detection rate by percent free prostatic-specific antigen category

###### 

Click here for additional data file.

###### 

locally weighted scatterplot scatter (LOWESS) plot illustrting %fPSA level and corresponding biopsy result which indicated the predicted probability of prostate cancer at each %fPSA level in men with (a). PSA level of 4.0-10.0 right and (b) 10.1-20.0 ng/nl.
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Click here for additional data file.

###### 

Scatter plot depicting (a) serum PSA level and (b) % free PSA and corresponding biopsy result.

###### 

Click here for additional data file.

![Receivers operating characteristic curves of percent free prostatic-specific antigen (%fPSA) and PSA in predicting any prostate cancer for patients with PSA 4.0--10.0 ng ml−1 and PSA 10.1--20.0 ng ml−1. (**a**) Patients with PSA of 4.0--10.0 ng ml−1; (**b**) PSA 10.1--20.0 ng ml−1; (**c**) ≥60 years with PSA 4.0--10.0 ng ml−1; (**d**) ≥60 years with PSA 10.1--20.0 ng ml−1. Solid red line: %fPSA; dashed blue line: PSA.](AJA-17-1017-g002){#F1}

![Receivers operating characteristic curves of percent free prostatic-specific antigen (%fPSA) and PSA in predicting high-grade prostate cancer for patients with PSA 4.0--10.0 ng ml−1 and PSA 10.1--20.0 ng ml−1. (**a**) Patients with PSA of 4.0--10.0 ng ml−1; (**b**) PSA 10.1--20.0 ng ml−1; (**c**) ≥60 years with PSA 4.0--10.0 ng ml−1; (**d**) ≥60 years with PSA 10.1--20.0 ng ml−1. Solid red line: %fPSA; dashed blue line: PSA.](AJA-17-1017-g003){#F2}

### Influence of clinical parameters on the diagnostic performance of percent free prostatic-specific antigen {#sec3-6}

Univariate logistic regression analyses indicated that older age, higher PSA, lower %fPSA, and larger PV were correlated with positive biopsy. Multivariate logistic regression analyses indicated that lower %fPSA, older age, higher PSA and smaller PV were independent predictors of PCa in all patients in patients with a PSA of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ (*P* \< 0.0001).

In our previous study, it has been shown that %fPSA is not better than PSA in 2310 Chinese patients below 60 years who underwent TRUS-guided biopsy with a PSA of 4.0--10.0 ng ml^−1^. In the PSA range of 10.1--20.0 ng ml^−1^ in this data set, %fPSA was also not better than PSA in men aged \<60 years old (**[Figure 1](#F1){ref-type="fig"}** and **Supplementary Table 2**). After stratification by PV, AUC of %fPSA was not superior to PSA in patients in all ages ranges with a PSA of 4.0--10.0 ng ml^−1^. The AUC of %fPSA was higher than PSA in TRUS-guided group (*P* = 0.002), the 10-core group (*P* = 0.002) and 8-core group (*P* = 0.038) in patients with PSA of 10.1--20.0 ng ml^−1^. Thus, we tested the performance of %fPSA and PSA in both the overall patients and patients aged over 60 years (**Figures [1](#F1){ref-type="fig"}** and **[2](#F2){ref-type="fig"}**).

###### 

Diagnostic accurancy of total prostatic-specific antigen (PSA) and percent free PSA stratified by age, prostate volume, and biopsy schemes
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Click here for additional data file.

### Diagnostic performance of percent free prostatic-specific antigen in men aged ≥60 years old with a prostatic-specific antigen of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ {#sec3-7}

The AUC was higher in men aged ≥60 years old with a PSA of 4.0--10.0 ng ml^−1^ than with a PSA of 10.1--20.0 ng ml^−1^ (0.584 *vs* 0.635) (**Supplementary Table 3**). Higher overall efficacy was yielded in PSA range of 10.1--20.0 ng ml^−1^ than 4.0--10.0 ng ml^−1^ in patients ≥60 years old when applying the reported cutoff value of 25% (44.1% *vs* 36.4%) (**[Table 2](#T2){ref-type="table"}**). Furthermore, for patients aged ≥60 years old with a PSA of 10.1--20.0 ng ml^−1^ and all patients with a PSA of 10.1--20.0 ng ml^−1^, 16.9% and 14.3% unnecessary biopsies would be avoided while maintaining a sensitivity of the 90% at the cutoff value of 23.4% (**[Table 2](#T2){ref-type="table"}**).

###### 

Area under receiver operating characteristic curve of percent free prostatic-specific antigen (PSA) and PSA in different PSA ranges

###### 

Click here for additional data file.

###### 

Diagnostic performance of %fPSA at cutoff value of 25% or maintaining a sensitivity of 90%

![](AJA-17-1017-g004)

The AUC of %fPSA + PSA was also higher in PSA range of 10.1--20.0 ng ml^−1^ than 4.0--10.0 ng ml^−1^ in the whole cohort and patients ≥60 years. However, ROC analysis indicated adding PSA to %fPSA (%fPSA + PSA) had a limited impact on the AUC of %fPSA in both patients with PSA of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ in the whole cohort (*P* = 0.205 and 0.494, respectively) and in patients ≥60 years (*P* = 0.675 and 0.704, respectively).

### Proper reflex prostatic-specific antigen range for percent free prostatic-specific antigen {#sec3-8}

We further validated the effectiveness of %fPSA in patients ≥60 years in different PSA ranges from 4.0 to 20.0 ng ml^−1^ (**Supplementary Table 3** and **[Figure 3](#F3){ref-type="fig"}**). The AUC of %fPSA was 0.584, 95% confidence interval (CI) (0.559--0.609) and 0.635, 95%CI (0.611--0.658) for PSA range of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^ for patients ≥60 years old (**[Figure 1](#F1){ref-type="fig"}**). The highest AUC of %fPSA was observed in PSA range of 10.1--16.0 ng ml^−1^ (0.647, 95%CI \[0.620--0.674\]) and the maximal improvement of AUC was observed in PSA 12.1--16.0 ng ml^−1^ (0.137, 95%CI \[0.099--0.176\]).

![Improvement of area under receivers operating characteristic curve (AUC) of percent free prostatic-specific antigen (PSA) and PSA in different PSA ranges. The horizontal scale indicated the lower and upper limit of PSA ranges and the vertical scale indicated the improvement of AUC.](AJA-17-1017-g005){#F3}

DISCUSSION {#sec1-4}
==========

 {#sec2-3}

### Percent free prostatic-specific antigen is effective in Chinese men aged ≥60 years old with a prostatic-specific antigen of 10.1--20.0 ng ml^−1^ {#sec3-9}

Results of Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial suggested that race and ethnicity had little effect on %fPSA.[@ref14] But it included few East Asians living in their origin country. Although studies indicated a similar effectiveness of %fPSA in Chinese and other East Asian populations compared with the Western population,[@ref15][@ref16] recent reports illustrated a limited improvement of %fPSA in younger Koreans with a PSA of 4.0--10.0 ng ml^−1^ and in Chinese men with PSA 2.5--10 ng ml^−1^ and 10.1--20.0 ng ml^−1^.[@ref11][@ref17] In our data set, the AUC of %fPSA was also close to that of PSA in the whole cohort but significantly higher than PSA in the older subgroup. However, there were only 274 patients with a PSA of 2.5--10.0 ng ml^−1^ and 284 patients with a PSA of 10.1--20.0 ng ml^−1^ in that study. Due to the lack of stratification, their findings were not in contrary to ours.

To the best of our knowledge, this is the first study that demonstrated %fPSA is effective in Chinese men aged ≥60 years old with a PSA level of 4.0--10.0 ng ml^−1^ or 10.1--20.0 ng ml^−1^. It was considered that %fPSA was not effective in men with a PSA level \>10.0 ng ml^−1^ according to the EAU and AUA guidelines. However, as our data illustrated %fPSA is both statistically and clinically in men with a PSA level of 10.1--20.0 ng ml^−1^. Based on this data set, we suggested %fPSA could be used to delay or avoid biopsies in men with PSA 10.1--20.0 ng ml^−1^ and %fPSA over 23.4%. However, the ideas of this article are to reminder urologists to consider that the higher %fPSA level in this PSA range indicated a lower chance of PCa. The use of %fPSA in PSA 10--20 ng ml^−1^ in Chinese population is just like to delay biopsies in Caucasians with a PSA 4--10 ng ml^−1^ and a high %fPSA (for example 25%).

These phenomena may because of the lower PCa detection rate at the same PSA level in Chinese compared with the Western population. For instance, the PCa detection rate of patients with a PSA of 4.0--10.0 ng ml^−1^ was 40.3% and 43.4% in consecutive clinical patients in Cleveland Clinic and Durham Veteran Affair Hospital, and 34.8% and 41.4% in the European Randomized Study of Screening for Prostate Cancer Tarn and San Antonio Center of Biomarkers of Risk for Prostate Cancer program,[@ref18][@ref19] according to the result of Prostate Biopsy Cooperative Group. Although it has been reported that %fPSA was applicable in a Spanish cohort with a PSA level of 10.1--20.0 ng ml^−1^, the detection rate of that cohort was very similar to that of this Chinese cohort but much lower than the reports of the Prostate Biopsy Collaborative Group. Thus, the effectiveness of %fPSA in patients with a PSA level of 10.1--20.0 ng ml^−1^ in Chinese may be similar to that in Western men with a PSA level of 4.0--10.0 ng ml^−1^. We suggest the result of the Spanish study was applicable only to cohorts with similar detection rate but not in other Western cohorts.

### Proper reflex percent free prostatic-specific antigen range for percent free prostatic-specific antigen {#sec3-10}

The proper PSA range for %fPSA has been reported to be 2--20 ng ml^−1^, 3--15 ng ml^−1^ or 3--10 ng ml^−1^ in Western population[@ref20][@ref21] and 7.0--10.0 ng ml^−1^ or 5.1--10.0 ng ml^−1^ in Japanese.[@ref16][@ref22] PCa detection rate of these ranges are 20.4%--25.3% and 34.1%, respectively. But all of these studies included limited cases with PSA of 10.1--20.0 ng ml^−1^. In our data set, the optimal range was 10.1--16.0 ng ml^−1^ or 12.1--16.0 ng ml^−1^ which was higher than that of the Western population and Japanese. Compared with the Western population, prevalence of PCa in the same PSA range is lower in Chinese population.[@ref17][@ref18] Although there is no a systematic analysis of this phenomenal and the underlying reasons of this phenomenal were not revealed, we suggested racial differences may play an important role. Recently, with the joint efforts of a group of Asian urologists, the PCa detection rates in several Asian countries have been summarized and the detection rates ranges from 20% to 25% in most publication and databases.[@ref12] We suggested that there are racial difference between the Asian and Western population in the relationship between PSA and PCa. It was recently confirmed in two genome-wide association studies in Chinese and Japanese that the single nucleotide polymorphisms that may influence PSA level in healthy men were different from the Western population.[@ref23][@ref24]

Although there is no direct relationship between a lower incidence of PSA and a poor diagnostic accuracy of %fPSA, evidence shows that %fPSA is of better diagnostic accuracy in patients with a PSA of 4.0--10.0 ng ml^−1^ (detection rate 49.0%) than PSA 2.51--4.0 ng ml^−1^ (detection rate 24%).[@ref7] Thus, there is the rationale behind this higher PSA range for %fPSA in Chinese population.

Another consideration of introducing %fPSA into the diagnostic scheme is that there are more patients diagnosed with PCa with a higher PSA levels[@ref25][@ref26] in China and many other developing Asian countries than in Western countries. There are about the same number of patients with a PSA of 10.1--20.0 and 4.0--10.0 ng ml^−1^ (46.5% *vs* 53.5%) in this consecutive biopsy cohort.

### Potential bias in this study {#sec3-11}

First, 22 different institutes and three different assays were involved in PSA testing. The variability of total and %fPSA results among commercial assays has been decreased by calibration, but some studies indicated that interchangeability still exists after calibration.[@ref27][@ref28] Second, abnormal DRE was not used as exclusion criteria in this study considering its subjective nature. The diagnostic accuracy of %fPSA may be weakened to some extent. Third, there is no national PSA-based PCa screening program in China and the indication for prostate biopsy depends on clinical decision. However, as we strictly enrolled consecutive biopsies, this cohort represents a practical clinical scenario in China.

Our results indicated that %fPSA is both statistically effective and clinical applicable to predict prostate biopsy outcome in Chinese patients aged ≥60 years old in PSA range of 4.0--10.0 ng ml^−1^ and 10.1--20.0 ng ml^−1^. Nevertheless, these findings should be validated in following prospective multi-center studies.
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